others have measured the degree of outcrossing in neighboring corn. The latter approach is probably more meaningful in assessing the impact of pollen drift from GE cornfields. Once released from the tassels into the air, pollen grains can travel as far as 1 ⁄2 mile (800 m) in 2 minutes in a wind of 15 miles per hour (27 km/h) (Nielsen 2003b) . However, most pollen from a cornfield is deposited within a short distance of the corn plant. Past studies have shown that, at a distance of 200 feet (60 m) from the source of pollen, the concentration averages only about 1%, compared with pollen samples collected about 3 feet (0.9 m) from the pollen source (Burris 2002) . The number of outcrosses is reduced to one-half at a distance of 12 feet (3.6 m) from the pollen source, and at a distance of 40 to 50 feet (12 to 15 m), the number of outcrosses is reduced by 99%. Thomison (2004) showed cross-pollination between cornfields could be limited to 1% or less by a separation distance of 660 feet (200 m), and to 0.5% or less by a separation distance of 984 feet (300 m). However, cross-pollination frequencies could not be reduced to 0.1% consistently, even with isolation distances of 1,640 feet (500 m). Currently, the Association Official Seed Certification Agency (AOSCA) has set isolation standards with border row requirements during production of hybrid maize seed (table 1) . Over the past 30 years, these standards have been useful when genetic purity was defined by morphological phenotypes and 95 to 98% purity was satisfactory (Burris 2000) . Several studies have been performed to evaluate the impact of pollen drift from fields containing GE corn to neighboring non-GE cornfields. A Colorado study (Byrne et al. 2003) tracked the drift of pollen from blue corn and GE Roundup Ready corn into adjacent conventional corn. Corn with the marker traits (blue kernels or Roundup herbicide tolerance) was planted adjacent to corn without those traits. Cross-pollination was greatest at the closest sampling site, up to 46% outcrossing at a distance of about 3 feet (1 m) from the edge of the test plots. Cross-pollination dropped rapidly, with only 0.23% cross-pollinated blue kernels when a 150-foot (46-m) border separated the plots. With the Roundup Ready plot, 0.75% of the corn showed cross-pollination at 150 feet, with the greatest distance for any detected cross-pollination 600 feet (182 m). These results suggest that 150 feet is a reasonable isolation distance between GE and non-GE corn to limit cross-pollination to less than 1%.
W. Eberhard Weber, leader of the research team and head of the Department of Plant Breeding and Plant Protection at Martin-Luther-University at Halle-Wittenberg, Germany, was cited as saying that his study, which measured GM contamination in corn harvested from surrounding non-GM fields, shows that non-GM corn planted at least 60 feet (20 m) from GM corn was not contaminated above the EU-allowed limit of 0.9% (Stafford 2004) . In follow-up research in 2005 the recommended distance of 60 feet (20 m) was shifted due to winder conditions to 150 feet (50 m) of lower-growing non-corn crops or 75 feet (25 m) of an adjacent non-GE corn pollen barrier.
Are more stringent limits on gene transfer desired?
Diverse cropping systems in California have put limits on the movement of undesirable gene transfer. Popcorn and hybrid super-sweet sweet corn have traditionally required isolation to avoid unwanted phenotypic variation. Now U.S. Federal policy developed for organic farmers states that GE crops cannot be designated as organic (NOP 2006 ) . Therefore, although genes have moved from conventional to organic crops for years, , with the number determined by the acreage of the non-GE IP corn. The border rows keep the non-GE field from being "flooded" with non-GE pollen by trapping adventitious pollen from the GE variety. Corn from the border rows is removed and destroyed, or sold as a noncertified product in the case of organic sweet corn.
Recommendations have been suggested that might be used for California organic corn production (Thomison 2004 ):
• For corn fields over 20 acres (8 ha , border rows are not necessary but are advisable. These isolation and border row requirements are designed to produce corn grain that is not more than 0.5% contaminated with GE traits (Burris 2000; Thomison 2004 ). European Union research indicates that these requirements are more stringent than their current results, but our more diverse corn production and winder conditions support these requirements.
What practices can be used to reduce pollen flow from corn?
A number of practices can be adopted by farmers to reduce the likelihood that undesirable pollen flow will occur from one field to another.
Use isolation and border rows
Special isolation or separation is one of the most effective methods for reducing pollen contamination. The California Crop Improvement Association (CCIA) has no published guidelines on isolation distances for corn. However, it uses the Nebraska Seed Association (NSA) hybrid corn seed production isolation requirement of 660 feet (200 m) without border rows for the few acres of hybrid corn seed produced in the state. Border rows, or pollen barriers, consists of plants planted around the source or recipient field. If the outer rows of the recipient field function as a barrier, the isolation distance could decrease. Border rows of corn can reduce cross-fertilization levels more effectively than an isolation distance of the same length (Mele 2005) .
Know what corn is growing near you
Be aware of the kinds of corn that are being grown around your corn acreage. Both before and after you plant, locate all possible corn pollen sources within 1 ⁄2 mile (805 m). Also, prevailing wind directions with regard to your corn and neighboring GE corn are critical to control potential pollen flow. Communicate with all parties who might be affected by your GE corn crop, including smaller growers. This situation is no different than other hybrid seed crops that require isolation. Volunteer corn plants from no-till, minimum till, or continuous corn production areas can also be sources of unwanted pollen, and it is important to manage these populations.
Stagger planting dates and hybrid maturity times
Use different planting dates and varying hybrid maturity times to reduce cross-pollination between fields of GE and non-GE corn. For example, planting short-season non-GE corn hybrids followed by full-season GE hybrids reduces the chance for pollen contamination from the field with the GE variety to the earlier-planted, earlier-maturity non-GE hybrid in adjacent fields. However, there are shortcomings to this approach. Differences in maturity between the early-and late-hybrids may not be great enough to ensure that the flowering periods of the hybrids will not overlap, especially when climatic conditions accelerate or delay flowering. Moreover, this strategy only works if you control adjacent fields or closely coordinate corn planting with those around you. This approach is also problematic for sweet corn growers who plant only a few rows every 2 weeks all season long.
Keep good records and know the regulations
Record your seed sources and where and when seed was planted. Read and understand germplasm licensing agreements issued by the seed companies. Retain copies of all agreements that you sign and keep thorough, well-organized records. If you are producing certified organic corn under contract, understand what requirements you need to meet to fulfill the contract obligations and what isolation distances you will need to maintain the purity specified in the agreement. Know where to store the crop and how it will be transported in order to maintain certification.
P ERSPECTIVE
California has over 565,000 acres (228,000 ha) of corn in production annually in a very diverse and fluid agricultural environment. It will take everyone communicating and working together and using the best information available to control pollen flow so all farmers can achieve their production goals.
